Human papilloma virus (HPV) is a DNA virus consisting of approximately 8000 base pairs. HPV represents the most common sexually transmitted infection worldwide. Around 200 different genotypes exist. They are distinguished into low-and high-risk genotypes, depending on the risk of such HPV-associated lesions undergoing malignant transformation. The high-risk genotypes include HPV 16 and 18, which are responsible for a variety of human cancers. The most common malignancies that are associated with HPV infection are cervical cancer, oropharyngeal cancer and anal cancer. Screening for HPV precursor lesions in women has led to a drastic reduction in cervical cancer morbidity and mortality in the last 30 years. Unfortunately no such screening tests are available for other HPV-associated malignancies. With the advent of HPV vaccination programs a marked decrease in the prevalence of HPV was reached in vaccinated individuals. However, since these programs were initiated around 2009 the full effect on the incidence of HPV-associated cancers cannot be fully estimated yet.
ther divided into high-and low-risk HPVs depending on their ability to transform normal epithelial cells into premalignant and malignant lesions. Of the approximately 200 different genotypes, 15 are included into the high-risk group (HR-HPV) including HPV genotypes 16, 18, 31, 32, 35 , 39 45, 51, 52, 56, 58 and 59 [1] .
The HPV genome is divided into three major parts: (1) a non-coding region (upstream regulatory region or URR) which consists mainly of transcription factor binding sites and regulatory genes; (2) an early coding region which consists of 6 genes (E1, E2, E4, E5, E6, E7) that are responsible for viral replication and cell transformation; and (3) a late coding region which consists of L1 and L2 proteins which are capsid proteins that possess the ability of self assemblance to form the virion [1] . A short overview of the connection between different HPV genotypes and human disease is given in Table 1 .
HPV and malignant cell transformation
HR-HPV is associated with 90% of cervical and anal carcinomas, 40-60% of vaginal and penile carcinomas and may account for up to 60% of oropharyngeal cancer (OPSCC) depending on the geographic region and sexual preferences [2] .
The key elements for the malignant transformation of HPV-infected mucosal cells are the oncogenes E6 and E7 and to a lesser extent E5 [3] . In the following the exact mechanisms that the expression of these genes has on the malignant transformation of human epithelial cells will be summarised.
E6 and E7 proteins were found to be expressed in human cervical carcinoma and are frequently deregulated due to the loss of the viral transcription repressor E2 [3] . A number of crucial cellular checkpoints for cell cycle progression, proliferation and immortaliza-352 HPV-associated cancers K short review tion of the HPV-infected cells are influenced by these viral oncogenes [4] . E7 protein interacts with the tumour suppressor retinoblastoma protein (RB) and inhibits its function [5] . E7 binds to RB via a LXCXE amino acid motif and leads to the initiation of cell cycle progression [6] . Most interestingly is the ability of E7 to bind RB with ubiquitin ligase and therefore lead to proteasomal degradation [7] . Furthermore cellular senescence is blunted by E7 via the CDK4/CDK6 inhibitor p16, which is highly expressed in HPV-associated cancer cells [8, 9] .
In healthy cells the uncontrolled proliferation leads to activation of p53, which in turn leads to the activation of apoptosis. However, E6 protein terminates p53 via ubiquitin ligases for proteasomal degradation. Furthermore this oncogene can activate telomerase expression and therefore lead to an immortalization of the infected cells [8] .
In addition, the activation of the host immune system is blunted by mechanisms involving the expression of E5, which leads to a decrease in the expression of major histocompatibility class I (MHC I) proteins. Additionally E6 and E7 can inhibit interferon signalling which further abrogates the immune response [10, 11] . A short overview of the effects on cellular level of the different HPV-related proteins is given in Table 2 . Overall, the malignant transformation of the host cell is a rare event. However, the genomic instability induced by HR-HPV infection facil- pRB retinoblastoma protein, Bak Bcl-2 homologous antagonist/killer, hTERT human telomerase reverse transcriptase Fig. 1 The viral oncogene E7 leads to an inhibition and degradation of the tumour suppressor RB. This leads to the initiation of cell proliferation. In cells with intact p53 this uncontrolled proliferation leads to activation of apoptosis. However in the presence of the HPV E6 protein p53 is inhibited and degraded, which leads to uncontrolled proliferation and instability of the genome itates the accumulation of oncogenic mutations and proliferation of these cells (Fig. 1) .
Screening for HPV-associated cancer
Cervical cancer is the fourth most common cancer in women. Nearly 85% of cancers occur in developing countries, where cervical cancer is still the leading cause of female cancer deaths [12, 13] . HR-HPV is responsible for approximately 90% of cervical cancer among women, of these up to 60% are due to infection with HPV genotype 16, genotype 18 accounts for up to 15% [14] . Infection is transmitted via sexual intercourse and skin to skin contact [15] . In most women the infection is self-limiting. However, if the infection persists the risk of cancer development, especially for HR-HPV, increases. According to the existing data, the risk of cervical intraepithelial neoplasia (CIN) grade 3, a precursor of cervical cancer, to become invasive cancer is around 30% in a 30 year period [16] . Cervical cancer has been the leading cause of female cancer death in developed countries. However, with the initiation of cytological screening methods, basically the papanicolaou smear, the mortality rate from cervical cancer among women has markedly decreased [17] . Early detection of noninvasive lesions led up to a 35% reduction in the risk of dying from cervical cancer. In a meta-analysis of 24 clinical trials a marked effect of cytological screening on the risk of being diagnosed with invasive cancer (relative risk [RR] 0.38; 95% CI 0.23-0.65) was evident [18] .
However, incorporation of HPV DNA testing to detect infection with HR-HPV together with cytological screening was shown to lead to an increased detection rate of high-risk lesions (CIN3) [19, 20] . In 2014 a systematic review on the available literature regarding HPV DNA testing compared to only cytological testing was conducted. In total 6 randomized controlled trials (RCT) with a total of 462,096 women were included. The results showed a reduction in the cancer-specific mortality for the combined testing vs. cytology alone (RR 0.59; 95% CI 0.39-0.91) and a decrease in the incidence of cervical cancer in the second round of screening (RR 0.29; 95% CI 0.11-0.73). However, it has to be stated that the combined testing led to a higher detection rate of CIN2 lesions (RR 1.51; 95% CI 1.21-1.9), especially in patients <30 years of age [29] . Spontaneous remission may occur in 60% of CIN 1 and only 10% progress to CIN3. For CIN2 almost 40% can regress and approximately 20% progress to CIN3 [21, 22] . Therefore an increased rate of CIN2 lesions may lead to an overtreatment of women as the chance of spontaneous remission is high.
According to the German S3 guidelines an organised screening with HPV testing alone or HPV testing + cytology should not be performed on women <30 years of age. In this population the rate of falsepositive results regarding CIN2 lesions was up to 20% in 2 RCTs [20] .
Besides cervical cancer, no validated screening programs for other HPV-associated cancers exist. For HPV-associated OPSCC, oral fluid may present a promising way of detecting infection with HR-HPV. However, up to now, these methods lack sufficient sensitivity and specificity to be used as reliable screening methods [22] .
Prevention of HPV-associated cancer
HPV is the most common sexually transmitted disease. Sexual behaviour also presents the most important risk factor for HPV-associated tumours. The factors include lifetime number of vaginal or any sex partners, oral sex, open mouth kissing and primary or secondary immunodeficiency (e.g. HIV infection) [23] . HPV infection can partly be prevented by the use of barrier methods (e.g. condoms). Nevertheless, as HPV can be transmitted via skin to skin contact, these methods do not offer full protection and their effectiveness is lessened by the number of intercourses [24] .
Given the fact that prevention of HPV infection with conventional means was difficult to achieve, high effort was put into the development of anti-HPV vaccines. Currently three HPV vaccines exist: a bivalent vaccine (against HPV 16, 18), a quadrivalent vaccine (HPV 1, 11, 16, 18 ) and a nonavalent vaccine (HPV 6, 11, 16, 18, 31, 33, 45, 52, 58) [25] .
The bivalent vaccine against HPV 16/18 has proven its high efficacy to prevent HPV related CIN in vaccinated women. The vaccine efficacy in preventing CIN1 + CIN2 was 100% at the follow-up of 9.4 years. All vaccinated individuals remained seropositive against HPV 16/18 [26] . Moreover in Scotland the bivalent vaccination led to a marked risk reduction of CIN3 lesions in vaccinated females. The highest effect was seen in women with deprived backgrounds (RR 0.29; 95% CI 0.2-0.43) [27] .
Similar results were seen in a Japanese population of 1814 women-the vaccine effectiveness against HPV 16/18 was 95.5% in sexually naïve females. Interestingly, a cross protection against HPV 31, 45 and 52 with a vaccine effectiveness of 71.9% could be observed [28] .
In Australia a 90% reduction of genital warts in a vaccinated population was reported over 4 years since the introduction of the quadrivalent vaccine. Interestingly a similar reduction for HPV infection was seen in young heterosexual males, which could point out herd immunity triggered by the vaccination program [29] . Epidemiologic data showed promising results in terms of reduced rates of HPV infection in both females and males. Additionally the prevalence of HPV in a vaccinated US population was significantly reduced (adjusted prevalence rate 0.1; 95% CI 0.1-0.3) since the introduction of the quadrivalent vaccine [30] .
The efficacy of the nonavalent vaccination is high, with protection against persistent HPV infection (risk reduction [rr] 96%; 95% CI 94.4-97.2%) and HPV-related high grade cervical disease (rr 96.3%; 95% CI 79.5-99.8%) [25] . However, it has to be pointed out that also in the study populations for the quadrivalent vaccine, with a follow-up of up to 8 years, no case of HPV 6/11/16/18 related CIN has been detected so far [31] [32] [33] .
Furthermore a meta-analysis reported a significant decrease in the infection rate with HPV 16 and 18 in countries with a vaccination coverage of at least 50% (RR 0.32; 95% CI 0.19-0.52). In addition, a reduction of genital warts was seen (RR 0.39; 95% CI 0.22-0.71) and this was also seen in boys under 20 (RR 0.66; 95% CI 0.47-0.91) and in women between 20 and 39 (RR 0.68; 95% CI 0.51-0.89). This indicates that the higher vaccination coverage induces herd immunity. Conversely in a population with less than 50% coverage the reduction in HPV 16 and 18 was only seen in girls <20 [34] . It has to be pointed out that in these populations only female subjects were vaccinated. However, nowadays vaccination of young males is also encouraged.
The total effects on cancer prevention are not yet fully established. As the development of HPV-associated malignancies can take decades from the initiating infection, a decrease in the incidence cannot be elucidated at this time point.
Conclusion
HR-HPV infection is an important risk factor for the development of different cancer types. Effective screening methods do exist for cervical cancer, which is displayed by the marked reduction in the incidence of invasive cancer and a reduction in cervical cancer mortality in recent decades. HPV vaccination has already shown promising effects in preventing persistent HPV infection. However the long-term data for the prevention of HPV-associated cancer are not available yet.
